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S m Y  

Hydraulic model studies of the ou t le t  works at  Carter Iake 
Reservoir Dam No. 1 joining the St.  Vrain Canal ( ~ i g u r e s  1 through 8) 
were made a f t e r  the prototype ha& been constructed and operated. Unsat- 
is factory performance of the prototype structure,  followed by attempts 
i n  the f i e l d  t o  improve the performance, resulted i n  a request f o r  a 
m d e l  study t o  determine the necessary corrective measures. Studies 
were made on a 1: 16 scale model ( ~ i g u r e  9) t o  improve the ou t l e t  works 
s t i l l i n g  basin performance, t o  reduce wave heights i n  the Parsbal l  flume 
i n  order t o  improve i ts  accuracy as  a measuring device, and t o  reduce 
the waves i n  the St. Vrain Canal t o  prevent overtopping of the canal 
l ik ing.  

For discharges near maximum (625 second-feet) with high heads, 
the or iginal  prototype s t i l l i n g  basin of .tihe ou t le t  works had been found 
inadequate t o  hold the jump within the basin (Figures 10 and l l ) .  For 
l e s se r  discharges (560 second-feet) , and fo:r small discharges (230 
second-feet), the jump remained i n  the basin, but the  excessive water 
surface roughnes's i n  the Parshall flume prevented obtaining accu,-ste 
s t a f f  gage readings from which discharges a:re determined. ( ~ i g u r e s  12, 
13, 14, and 15). 

As a r e su l t  of extensive model t e s t s  it was recommended that 
s i x  hook-shaped piers  ( ~ i g u r e s  21 and 22) be added t o  the s t i l l i n g  basin 
t o  hold the jump within the basin. These p ie rs  provided the l e a s t  amount 
of water surface disturbance of the several  types tested.  In addition, 
a short-tube underpass type of wave suppressor was recommended f o r  use 
downstream from the s t i l l i n g  basin t o  decrease the water surface fluc- 
tuat ion i n  the measuring flume. The vave suppressor was ins ta l led  i n  
the rectangular flume beween the s t i l l i n g  basin and the ?arshall flume 
( ~ i g u r e  28). The baf f le  piers and the wave suppressor operating 
together produced a higher water l eve l  i n  the s t i l l i n g  basin, making 



it necessary Lo ex tend  the basin walls 3 feet upward and t o  proJect 
them inward 1 foot (F'inure 22). A short cover over the  basin was 

. i m  Femained i n  .the basin fo; a l l  flows UD t o  655 second-feet and for  I 

.tilode1 wave beights were measured i n  the or ig ina l  s t ructure  
( ~ i g u r e  2 3 ) ,  ir, the or iginal  s t ructure  modified with baf f le  pier0 
( ~ i ~ u r e  24), and i n  the recommended structure  isre re 3 3 ) .  Wave 
heights a t  the s ta f f  gage in  the Parshall flume were reduced from 
over 3 fee t  t o  about 4 inches  able 1, page 15) for  625 second-feet. 

Waves generated a t  the downstream end of the  Parshall f l ume ,  
where it joined t h e  i-ectangular flume ( ~ i g u r e s  12 and 33), were reduced 

I 2 - -  
ma.ior   or ti on of this study. ~ h e - ~ k l r n  car r ies  the same t i t l e  as t h i s  

Carter Lake, Dem No. 1, and t h e  S t .  Vrain Canal are  a pcr t  of  
t h e  Colorado-Big Thompson Project. The ou t l e t  works nt  Dam No. 1 dis-  
rharnina water from t h e  Carter Lake Reservoir in to  the S t .  'Jrain Carla1 

The Carter Lake Reservoir is approximately 2 miles long, n o r t h  
and south, end approximately 0.6 mile wide, enst and wcst. The reser- 
v o i r  was formed by construction of three e a r t h - f i l l  dams across gaps i n  
the eastern rim of the basin. 

Dam No. 1, across the greater of the three gaps, has a maximum 
height of approximately 200 fee%, a 40-foot-wide c res t  a t  elevation 5769, b 

and a c res t  length of approximately 1,235 fee t .  A concrete ou t le t  works, 
u t i l i z i n g  a tunnel approximately 895 fee t  in  length, is constructed 
normal t o  the axis of t h e  dam near the right abutment w i t h  i n l e t  s i l l  a t  



i n l e t  s t ructure ;  a-6-foot 3-inch inside-diameter upstieam conduit i n  
open cut;  a 6-foot 3-inch inside-diameter tunnel  upstream from t h e  gate 
chamber; a  t r a n s i t i o n  sect ion;  a gate chamber containing two 3- by 3-foot 
regula t ing gates a ~ d  two 3- by +foot emergency gates;  a  ho i s t  house and 
7-foot inside-diameter access sha f t ;  an &foot 6-inch-wide 'by 7-foot 
3-inch-high tunnel  downstream from t h e  gate chamber; and an %foot 
6-inch-wide by, approximately, 100-foot-long s t i l l i n g  basin. The i n l e t  
s t ruc tu re  and s t i l l i n g  basin a r e  shown i n  Figure 5 and t h e  gate chamber 
i n  Figure 6. The o u t l e t s  a re  designed t o  discharge a maximum of  625 
second-feet with heads up t o  159 f e e t ,  

Flow from the  s t i l l i n g  basin en te r s  t h e  S t .  Vrain Supply Canal 
a s  shown in Figure 1. The canal extends from S t a t i o n  l0+90.56 at t h e  
downstream end of  t h e  s t i l l i n g  basin t o  S ta t ion  520+75 at S t .  Vraln 
Creek near Lyons, Colorado, Figure 2. The upstream por t ion of t h e  canal  
i n  plan and p r o f i l e  is shown i n  Figure 7. This por t ion  of t h e  canal 
contains a Parshal l  flume and a sec t ion of rectangular  flume immediately 
upstream end downstream from t h e  Parshal l  flume a s  shown In Figure 8. 
The rectangular  flume between t h e  Parshal l  flufie and t h e  s t i l l i n g  basin 
i s  16 f e e t  3 inches wide and 31.77 f e e t  long. The Parsha l l  flume is  
g:? f e e t  long and va r ies  i n  width up t o  30 f e e t .  The rectangular  flume 
downstream from the  Parshal l  is  15 f e e t  wide and 120 f e e t  9 inches long 
and i s  followed by a 15-foot-long t r a n s i t i o n  from t h e  rectangular  flume 
t o  t h e  trapezoidal  canal sec t ion 24 f e e t  6 inches i n  top width. The 
r e c t a n ~ l l a r  flume and t h e  canal downstream from t h e  Parsha l l  flume 
contain a ser ies .  of horizontal  bends as shown i n  Figure 7. 

The o r ig ina l  prototype s t ruc tu re  was operated i n  June of 1954, 
p r i o r  t o  t h i s  model invest igat ion,  f o r  a  range of discharges up t o  
approxiroaiely 625 second-feet w i t h  heads of approximately 100 f e e t .  The 
s t i l l i n g  basin d id  not function properly, r e s u l t i n g  i n  unsat is fac tory  
flow through the Parshal l  flurne and i n  the  canal.  Attempts were made 
i n  t h e  f i e l d  t o  smooth out t h e  flow using the  log  r a f t  shown supported 
on the  s t i l l i n g  basin walls  i11 Figure 1. Since unsat is fac tory  
performarice s t i l l  pers is ted ,  o model study was requested. 

THE MODEL 

The rrodel, Figure 9, constructed i n  the  laboratory was n 1: 16 
sca le  reproduction of t h e  o u t l e t  works, the Parshal l  flume, and the  
rectangular  flume joining the  Parsha l l  flume. The rectangular flume 
section downstream from t h e  Parshal l  flume was added l a t e r .  The oucle t  
works included t h e  gate chamber and gates,  the  tunnel  from the  gaLe 
chamber t o  t h e  s t i l l i n g  basin, and the  s t i l l i n g  basin.  

Port ions of the  previously t e s ted  GJillow Creek Dam outl.et 
works model, in.-,ludinl; the  gate chczlnber and pa r t  of t h e  tunncl down- 
stream, were adapted fo r  usc i n  the  Cartcr  Lake model. The gate chamber 



inser t s  so t ha t  the portion of the  chamber downstream"frorn the gates 
was an exact geometrical model of the prototype. The gates and the 
portion of the chamber upstream from the gates were modified t o  make 
a sat isfactory entrance section but were not exact geometrical dupli- 
cates of the prototype. This was not bportant, however, since +,he 
studies vere made downstream from the gate chmber. 

The out le t  works tunnel was 22.56 f e e t  long i n  the model. , li 
Approximately 12 f e e t  of t h i s  length was  taken from the W i l l o w  Creek 
model which had been constructed of tre~nsparent p las t ic .  The reminder  
of the tunnel was constnlcted of sheet metal. Alternate sections of 
transparent and metal tunnel were assembled i n  the model. A mod f loor ,  
t ~ e a t e d  i n  o i l ,  was inserted i n  the tunnel i n  order t o  adapt the  Willow 
Creek tunnel f o r  use i n  the Carter Lalie model. 

The s t i l l i n g  basin was constructed of marine plywood except 
f o r  the curved traJectory f loor  a t  the upstream end vhich was of sheet 
metal. The rectangular flume section and the Parshall  flume were a lso  
constructed of marine plywood. 

Water was supplied t o  the model by means of a ve r t i ca l  &inch 
pump. A portable 8-inch or i f ice  venturi  meter was used t o  measure the 
discharge. Wo piezometers, each 3 f ee t  upstream from the gates on the 

I outside walls of the gate chamber entrance, 1.5 f e e t  above the f loor ,  
vere used t o  measure the head on the gates. A P i t o t  tube was used t o  
measure the velocity head a t  the ou t le t  por ta l  of the tunnel and a 
s ta f f  gage was used t o  measure the wave heights a t  the gaging s ta t ion  
i n  the Parshall  flume. Wave height records were made on the f i n a l  t e s t s  
using laboratory developed condenser-type wave measuring probes connected 
t o  a two-pen recording oscillograph. No ta i lwater  regulation yes neces- 
sary since the flow passed through c r i t i c a l  depth i n  the Parshall  flume. 

THE INVESTIGATION 

The investigation was concerned p r m r i l y  w i t h  the ou t le t  
works and Parshall  flume discharging the design flmr of 625 second-feet 
a t  maximum reservoir elevation, 159 feet above the f loor  of the gate 
chamber. However, the investigation was a l so  concerned with the com- 
plete range of operating discharges and reservoir elevations t o  be sure 
t ha t  the s t ructures  performed proper1.y f o r  a l l  operating conditions. 

The ori@;inal structure,  as b u i l t  i n  the f i e ld ,  i s  shown in  
Figures 3 through 8. On June 17, 1954, engineers from the Denver off ice 
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mated 625 second-feet . The reservoiE-elevation was about 70 f e e t  below 
maximum; therefore, the head was only about 56 percent of maximurn. A t  
t h i s  flow the jump was swept out of the basin as  shown i n  Figure 10. 
Shooting flow occurred throughout the Parshall  flume and continued in to  
the canal where the flow stabi l ized wlth a ra ther  mild jump and some 
wave action. Jus t  before the jump swept out, waves were suf f ic ien t ly  
high t o  overtop the walls of the s t i l l i n g  basin and Parshall  flume as 
well a s  the rectanguhr  flume and concrete l ined canal. The model dis-  
charging 625 second-feet under the same conditions is  shown i n  Figure ll. 
Action i n  the model is  similar t o  t ha t  found i n  the prototype. 

On the same day, an estimated 475 second-feet was a l so  
observed. The jump in the basin was rough, producing waves which 
traveled through the Parshall  flume and on in to  the canal. These waves 
caused some bank erosion above the canal l ining,  par t icu la r ly  a t  the 
canal bends. 

On June U, 1954, Denver of f ice  engineers observed the ou t le t s  
discharging approximately 560 second-feet as  shown i n  Figures 1 and 32. 
The head was about PO0 fee t ,  which i s  approximately 60 percent of maxi- 
num. The jump was very rough and w a s  close t o  sweeping out of the basin. 
Waves estimated t o  be 2.7 f ee t  high traveled from the jump through the 
Parshall  flume and in to  the canal, overtopping the t ra ining walls of the 
Parshal l  and rectangular flumes a s  well  a s  the canal l i n ing  near bends. 
A log r a f t ,  sham i n  Figures 1 and 10, had been used i n  the rectangular 
flume i n  an unsuccessful attempt t o  quiet  the waves enterlng the Parshall  
flume. Sandbags were placed as  shown i n  Figures 10 and 12 t o  pre-rent 
erosion of the canal banks. The downstream end of the Parshall  flume, 
where it joined the rectangular flume, created 8 disturbance, Figure 12, 
which a l so  produced waves i n  the canal downstream. The model discharg- 
ing 550 second-feet is  shown i n  Figure 13 and was s imilar  t o  the proto- 
type o-peration shown in  Figure 12. 

On August 1'7, 1954, personnel from the laboratory and Region 7 
observed the ou t le t s  discharging 230 second-feet a s  shown i n  Figure 14. 
The reservoir  was a t  elevation 5658.63, and both gates were open 10-3/2 
inches. The head, therefore, was 44.63 f e e t  which i s  28 percent of 
maximum. 

A jump formed i n  the basin w i t h  the toe immediately downstream 
from the tunnel portal .  The water surface throughout t h e  basin was 
qui te  rough and waves over a foot high passed through the Parshall  flume. 
The model discharging 230 second-feet is  shown i n  Figure 15 and was 
similar to  the prototype operation shown i n  Figure 14. 



To obta in  the s i m i l a r i t y  between model and prototype described 
above, it was necessary t o  resolve (1) c e r t a i n  discrepancies between the  
assumed conditions i n  the  prototype tunnel  at the  time it was being 
designed and the  conditions which a c t u a l l y  exis ted  a f t e r  it was b u i l t ,  
and (2) the  difference i n  f r i c t i o n  losses  when a prototype i s  scaled 
down t o  model s i ze .  

I n  the  design of the  o r i g i n a l  bas in  the Manning formula with 
a roughness coef f i c ien t  "n" of 0.014 w a s  used t o  compute the  f r i c t i o n  
losses  i n  the proposed concrete l ined tunnel.  For  625 second-feet a t  
maximum head t h e  veloci ty  a t  the  tunnel  por ta l ,  where the flow e n t e r s  
the hydraulic jump, was found t o  be 39 f e e t  per second. The hydraulic 
jump bas in  was proportioned according t o  t h i s  f igure  by the usualmeans. 

When the  prototype s t ruc tu re  was operated, however, the  jump 
swept out  of the  bas in  before the  maximum conditions of e i t h e r  head o r  
discharge were reached, indica t ing t h a t  the  v e l c c i t y  enter ing the  proto- 
type basin was considerably g rea te r  than 39 f e e t  per  second f o r  625 
second-feet and t h a t  the assumed value of n = 0.014 used i n  the  compu- 
t a t i o n  was too high. 

The model could not be used t o  determine the  proper "n" value 
d i r e c t l y  because the  roughness of the  prototype tunnel  could not be 
measured o r  modeled. Also, a s  i s  always the  case f o r  high ve loc i ty  flow 
i n  r e l a t i v e l y  long end f l a t  model channels, sca le  heads measured a t  the  
gate piezometers were not s u f f i c i e n t  t o  produce t r u e  prototype veloc- 
i t i e s  a t  the  entrance t o  the  jump, since a c t u a l  f r i c t i o n  head losses  i n  
a model a re  always greater  than the  prototype values divided by the  
model sca le .  Thus, the t rue  prototype ve loc i ty  had t o  be determined by 
some o the r  means. Direct  measurement of the  ve loc i ty  i n  the  prototype 
tunnel  was not possible since at. the  time of the  model t e s t s  the  reser-  
v o i r  had been drawn down and would not be r e - f i l l e d  u n t i l  the next year. 

Operation of the model, however, f o r  625 second-feet, with a 
p o r t a l  ve loc i ty  of 39 f e e t  per second measkred by P i t o t  tube, shoved 
the jump t o  be re ta ined i n  the basin, indica t ing t h a t  the basin propor- 
t ions  were adequate f o r  the  ve loc i ty  calculated f o r  design purposes. 
I n  f a c t  ti ve loc i ty  of 53 f e e t  per second was required a t  the  model 
p o r t a l  t o  cause the  jump t o  be swept completely out of the  basin. It 
was l o g i c a l  therefore  t h a t  the  maximum prototype ve loc i ty  was g rea te r  
than 53 f e e t  per second. . - 

Thus, the f i r s t  problem i n  the  nlodel study was t o  determine 
the t rue  protot-vpe veloci ty  a t  the tunnel 1)0rta3. f o r  the  design 
discharge. 



charge and por ta l  velocity i n  the prototype structure.  A Pito'. tube 
constructed i n  the laboratory shops especially fo r  these measurements 
was used t o  obtain two measurements, one on the center l i n e  and one on 
the quarter point of the tunnel portal. On t ha t  day the resemoir  was 
at elevatioxi 5658,63 with both gates open 10.5 inches.  he discharge 
was 230 second-feet. The average velocity a t  the por ta l  was found t o  
be 24.9 f e e t  per second. 

I ,  

Using these values, the roughness coeff ic ient  "nn f o r  the 
prototype tunnel was computed t o  be 0,008, Then, using t h i s  value of 
"n" t o  d e t e d n e  the por ta l  velocity f o r  625 second-feet and maximum 
reservoir  elevation, the velocity was computed t o  be 58 f e e t  per second. 
This calculated value checked the model performance which shared t h a t  a 
veloci ty  gre8ter than 53 f ee t  per second was required t o  cause the jump 
t o  sweep out. %cause of the uncertainties involved it was decided t o  
use 60 f e e t  per second a s  the p r o t o t m  por ta l  velocity f o r  the model 
t e s t s .  

Velocities i n  the model were s e t  by increasing the head 
upstream from the gates u n t i l  the average velocity, measured at  the 
model tunnel por ta l  with a P i to t  tube a t  seven points across the tunnel 
opening, matched the newly computed veloci ty  f o r  the design discharge. 
The same increased head was a l so  used f o r  the t e s t s  involving 
discharges l e s s  than maximum. 

Instead of increasing the head i n  the model it would have been 
possible, as an a l te rna te  method, t c  reduce the length of the model 
tunnel suf f ic ien t ly  t o  obtain the desired por ta l  velocity. This was 
not done, however, since at  the time of model construction it w a s  
thought t ha t  energy diss ipet ing devices might be used i n  the tunnel t o  
reduce the por ta l  velocity. Consequently, a geometrically similar 
length of tunnel was constructed f o r  the model t e s t s .  

Tunnel Modifications Tested 

Based on the velocity computations described above, it 
appeared feasible t o  i n s t a l l  energy dissipating devices on the tunnel 
f l oo r  t o  reduce the velocity a t  the por ta l  suf f ic ien t ly  to  use the 
basin or iginal ly  constructed. The s t i l l i n g  basin had been designed 
fo r  n maximum velocity of 39 fee t  per second but required a velocity, 
i n  the  model, of about 53 f ee t  per second t o  sweep the jump out of the 

.I 
basin, It was thought tha t  since 60 f ee t  per second would be the maxi- 
nnun prototype velocity possible, a velocity reduction i n  the tunnel of 
something over say 10 f e e t  per second might make the or iginal  basin 
usable without modification, 

I 



s a t i s f a c t o r y  scheme tes ted  consisted of two s e t s  of p i e r s  placed at  
about the  t h i r d  points  along the  tunnel  between the ,?ate sec t ion and 
the  tunrteJ. por ta l .  Each s e t  of p i e r s  was as shown i n  Figure 1 6 ~  and 
performed as a h m  i n  Figure 1 6 ~ .  The upstream s e t  of p i e r s  used alone 
reduced the  ve loc i ty  of flow a t  the  tunnel  p c r t a l  from 60 t o  50 f e e t  
pe r  second. The combined e f f e c t s  of the  two s e t s  of p i e r s  reduced the 
ve loc i ty  a t  the  p o r t a l  t o  about 45 f e e t  per  second. This w a s  au f f i -  
c i e n t l y  close t o  the  o r i g i n a l  design ve loc i ty  of 39 f e e t  per second 
t h a t  t h e  hydraulic jump remained i n  the  basin with some f a c t o r  of 
safety.  However, the jump produced waves t h a t  t raveled  downstream t o  
overtop the t r a i n i n g  w a l l s  of the  Parsha l l  flume. 

To help  qu ie t  the f l o w  i n  the  basin and reduce the  waves, a 
t h i r d  s e t  of p i e r s  shown i n  Figure l 7 A  was added at the  tunnel por ta l .  
Figure 1733 shows the  performance of the  s t i l l i n g  bas in  with the  portal 
pie r s  and two s e t s  of tunnel  p i e r s  i n s t a l l e d .  The p o r t a l  p i e r s  s tab- 
i l i z e d  the flow considerably, but  objectionable waves s t i l l  pe r s i s t ed  
i n  the d m s t r e a m  s t ructure .  Other devices t o  qu ie t  the  flow i n  the  
basin were t e s ted  including chute blocks, b a f f l e  p ie r s ,  and t r a j e c t o r y  
s p l i t t e r  rails, but  none of these were e n t i r e l y  sa t i s fac to ry .  I n  
addi t ion  t o  the wave problems, the p i e r s  placed i n  the  tunnel  caused 
large  j e t s  of water t o  be thrown upward agains t  the tunnel  crown, and 
it was feared t h a t  proper tunnel  ven t i l a t ion  would be hampered. 

Other devices f o r  reducing the  ve loc i ty  of flow i n  the  tunnel  
were a l s o  t r i e d  including two groups of 1-foot cubes. The cubes crea ted  
much more disturbance t o  the  flow than the  p i e r s ,  throwing l a rge  volumes 
of water agains t  the  tunnel  crown. Even with the  upstream faces  of the  
cubes cu t  on a 45' slope, much more disturbance was created than with 
the p iers .  A small b-inch angle i ron  anchored t o  the f l o o r  across the  
width of the  tunnel  was t e s t e d  but  deflected m c h  of t h e  flow t o  the  
tunnel  roof. Variations i n  thc  number of p i e r s  per  s e t ,  the  height  and 
width of p ie r s ,  and i n  the  shape of' t he  p i e r  nose were a l l  t e s t e d  and 
found t o  be unsatisfactory.  Whether f ive  p i e r s  were spaced a s  shown i n  
Figure 16 o r  three  wider p i e r s  were spaced f a r t h e r  a p a r t  made very l i t t l e  
improvement i n  the  performance. Short submerged p i e r s  caused more d i s -  
turbance than those t h a t  were t a l l e r  than the flow depth. P ie r  noses 
t h a t  were shaped l i k e  the  bow of a sh ip  and those t h a t  sloped downstream 
on a 45" angle both offered l e s s  res is tance  t o  the flow, and, therefore,  
were not 8 s  e f f e c t i v e  a s  the  v e r t i c a l  nosed piers .  

I n  general, b lunt  nosed devices introduced i n t o  the  super- 
c r i t i c a l  flow i n  the tunnel  provided some reduction i n  velocity,  but  .C 

the  l a r g e  scale  disturbances they created e i t h e r  sealed off  t h e  tunnel ,  
preventing proper venting of the tunnel ,  o r  increased the  a i r  flow beyond 
the  capaci ty  of the  e x i s t i n g  venting fac i lA: ies .  When these same devices 1 



energy l o s s  t o  warrant t h e i r  use.  To ob ta in  s u f f i c i e n t  energy l o s s e s ,  
a considerable  number o f  s e t s  o f  s t reaml ined  devices  would have been 
requi red .  I t  was decided, t h e r e f o r e ,  t o  t e s t  o t h e r  devices  i n  t h e  
s t i l l i n g  basin.  

S t i l l i n g  Basin Modif icat ians Tested and Recommended 

The t r a j e c t o r y  curve on t h e  upstream end of t h e  s t i i l i n g  bas in  
f l o o r  had been designed f o r  39 f e e t  per  second. With higher  v e l o c i t i e s  
up t o  60 f e e t  per  second e n t e r i n g  t h e  basin,  it was necessary t o  check 
t h e  t r a j e c t o r y  su r f ace  f o r  t h e  poss ib le  ex i s t ence  of  negat ive o r  cavi -  
t a t i o n  producing pressures .  Seven piezometers on t h e  t r a j e c t o r y  curve 
were used t o  measure pressures  f o r  a discharge o f  625 second-feet and e 
v e l o c i t y  of 57 ' f ee t  per  second. Figure 18 shows t h a t  t h e  lowest pres -  
su re  recorded was only about '1 foo t  TI a c e r  below atrnospheriz pressure .  
The o r i g i n a l  t r a j e c t o r y  curve I,-qs the re fo re  considered s a t i s f a c t o r y  f o r  
use with t h e  higher  tunnel  v e l o c i t i e s .  

Various types and arrangenents  of  b a f f l e  p i e r s  were t e s t e d  in  
t h e  s t i l l i n g  bas in  t o  determfne whether t he  r e s i s t a n c e  t o  s w e e p u t  
c r ea t ed  by t h e  b a f f l e  p i e r s  was s u f f i c i e n t  t o  hold t h e  jump i n  t h e  bas in  
f o r  t h e  maximum condi t ions .  T e s t s  showed t h a t  b a f f l e  p i e r s  with v e r t i c a i  
b lun t  f aces  caused t h e  high v e l o c i t y  flow i n  t h e  bas in  t o  be d i r e c t e d  
upward, causing a very rough water su r f ace  i n  t h e  bas in .  Streamlined 
p i e r s  d id  l i t t l e  good. The most e f f e c t i v e  g i e r s  t e s t e d  had a curved, 
hook-shaped f r o n t  f ace  as shown by t h e  do t t ed  curve i n  Figure 13. 

To determine t h e  need f o r  t h e  curved f r o n t  face  o f  t h e  b a f f l e  
p i e r s ,  t e s t s  were made with t h e  curve rep laced  by 5 and a l s o  4 tangents .  
Five tangents ,  Figure 19, appr~xirnated t h e  curve so  c l o s e l y  t h a t  no 
d i f f e r e n c e  i n  performance could be de tec ted .  Yi th  only  f o u r  tangents  
t he  p i e r s  d id  not perforin as c f f i e i e n t l y  as before.  T t  was concluded 
tha: p i e r s  with a curved f r o n t  face  o r  with the  curve appmximated by 
f i v e  tangents  could be used with equal  e f f ec t iveness .  

The hook-shaped f r o n ~  f ace  of the  p i e r  i n t e r cep ted  t h e  high 
v e l o c i t y  flow and sprayed it sideways from the hook a s  shown i n  
Figure 20A. S i x  of t hese  b a f f l e  p i e r s  were recommended f o r  use i n  t h e  
b a s i n  a s  shown i n  Figure 21, but  in Figure 20A only one p i e r  was, used 
with the  t a i l w a t e r  purposely lowered t o  denons t ra te  the  ac t ion .  None 
o f  t h e  water was thrown upwards from t h e  p i e r .  The f l y i n g  spray i n  
t h e  photograph is  caused by the flow de f l ec t ed  i n t ~  bas in  s i d e  w a l l s  
and t h e  l ack  of  covering t a i l w a t e r .  

A s i n g l e  p i e r  near  t ne  base o f  the t r a j e c t o r y  curve on cen te r  
l i n e  was s u f f i c i e n t  t o  hold t h e  jump in  t he  bas in ,  b u t  t h e  add i t i on  
o f  o t h e r  p i e r s  a ided i n  b r ing inc  t h e  jump f a r t h e r  upstream i n t o  t h e  



i n  the basin, much air was entrained i n  the flow and flow v e l o c i t i e s  
were lower, therefore t h e  depth of flow in  the bas in  was increased. 
As a r e s u l t ,  the basin wa l l s  d id  not provide enollgh freeboard t o  con- 
t a i n  a l l  of the surges t h a t  developed i n  the  basin. I t  was evident 
t h a t  the walls w ~ u l d  need t o  be raised.  Several  arrangements of the 
p i e r s  were tes ted  with two d i f f e r e n t  p ie r  widths, 12  inches and 16 
inches. The bes t  arrangement and most e f fec t ive  p i e r  widths, however, 
a r e  those shown i n  F i w r e s  2 1  and 22. 

Pressures were checked a t  c r i t i c a l  loca t ions  on the upstream 
center  p i e r  f o r  maximum flow with maximum and near maxirmn head as 
shown i n  Figure 19. This p i e r  was chosen f o r  the  pressure t e s t  
because it was exposed t o  the  d i r e c t  ac t ion of the  j e t  emerging from 
the  tunnel. Pressures were only s l i g h t l y  below atmospheric a t  the two 
locat ions  thought t o  be c r i t i c a l .  Pressures were not s u f f i c i e n t l y  low, 
however, t o  indicate t h a t  cav i t a t ion  can occur. 

A t  the point  where maximum pressure vas  believed t o  occur, 
Piezometer 3, the pressure was about 25 f e e t  of water. This pressure 
was considered t o  be ~ a s o n a b l e  by the  designers from the s t r u c t u r a l  
vievpoint. 

The unbalanced forces  tending t o  t i p  the  p i e r  sideways were 
a l s o  determined by means of piezometers. Two p a i r s ,  one near the top  
of the  p i e r  and one near center  l i n e ,  Figure 19, showed only about 
4 inches of d i f f e r e n t i a l  watcr pressure. T r i a l s  with the  gate open- 
i n g s  unbalanced i n  various degrees showed unbalanced forces  of only 
&out 8 incf'es of water i n c h d i n g  the surges t h a t  occurred. Mo 
l a t e r e l  s t a b i l i t y  problem on the  ba f f l e  p ie r s  should occur. 

The ba f f l e  p i e r s  s h a m  on Figures 2 1  and 22 were superior  i n  
performance t o  any of t h e  o the r  devices o r  any o the r  arrangement of 
b a f f l e  p iers .  Without bef f l e  p ie r s ,  a t  m a x i m u m  rese rvo i r  elevation,  
the design discharge of 625 second-feet swept through the  basin and 
shooting flow continued pas t  the s t a f f  gage i n  the  Parsha l l  flume. 
With the  ba f f l e  p ie r s  a s a t i s f a c t o r y  Jump was formed, and the f luctua- 
t i o n  i n  water surface from the maximum c r e s t  e l eva t ion  t o  the  minimum 
trough a t  the s t a f f  gage was 1.2 f e e t ,  Ttrble 1. Performance f o r  625 
second-feet with maximum head is  shown i n  Figures 20B and C.  For 550 
second-feet the b a f f l e  p i e r s  reduced the wave heights  from 3,2 t o  1.7 
f e e t  arid f o r  400 second-feet from 2.7 t o  2 ;5  feet. For lover  flows 
the ba f f l e  p ie r s  were of benel ' i t  only i n  t h a t  they improved the appear- 
ance of the flow; a c t u a l  maximum wave heights vere a s  g rea t  o r  g rea te r  
than without the pjrrrs. This w a s  probably due t o  the f a c t  t h a t  flows 
~f 200 o r  l e s s  t e  :':. t o  flow over the tops of the b a f f l e  p ie r s  whereas 
higher flows plun -. beneath the  tai lwater .  

10 



t ronic  wave measuring device, are shown i n  Figures 23 and 24 f o r  the 
o r i g ina l  basin and with the recommended ba f f l e  p ie r s  ins ta l l ed .  
Upstream and downstream records were recorded simultaneously us ing two 
measuring probes connected t o  a two-pen recorder. Therefore, a wave 
passing the  upstream s t a t i o n  can be iden t i f i ed  on the char t s  at  the  
downstream s t a t i o n  a few seconds later. For example, a wave t r a v e l s  
from the upstream t o  the  downstream s t a t i o n  i n  6 seconds f o r  400 second- 
f e e t .  

The ba f f l e  p i e r s  therefore accomplished t h e i r  intended pur- 
pose; t h a t  of holding the jump in  the  s t i l l i n g  basin and o f  reducing 
the wave heights  f o r  the  higher flows. Objectionable waves s t i l l  per- 
s i s t ed  i n  the  Parshal l  flume, however, and the deeper water i n  the 
s t i l l i n g  bas in  caused sorrie surging over t he  w a l l s .  Using t he  piers ,  
therefore,  required ra i s ing  the w a l l s  of the s t i l l i n g  basin and 
developing a device t o  suppress the  waves i n  the Pnrshall  Flume f o r  
a l l  discharges. Testing continued on t h i s  phase 

Wave Suppressing Tests  

Several  types of wave suppressing devices were t es ted ,  
Figures 25 and 26. The cur ta in  w a l l  i n  Figure 25 proved e f f e c t i v e  f o r  
the discharge fo r  which it was se t .  It w a s  l e s s  ef fect ive  for smaller 
or  l a rger  flows and had l i t t l e  e f f e c t  on long period surges. Rafts, 
both r i g id  and a r t i cu la ted ,  were t r i e d  but these were a l so  not t oo  
e f fec t ive  on surges, Underpass suppressors i n  the s t i l l i n g  bas in  area 
were t o t a l l y  ineffect ive  since turbulence created by the ba f f l e  p i e r s  
and the hydraulic jump extended beyond the suppressor. Suppressors i n  
the t r a n s i t i o n  section were l e s s  e f f ec t i ve  than those located downstream 
fo:- the same reason. Various arrangements of underpass suppressors were 
tested i n  the  downstream location,  Figure 26. Those with long sloping 
surfaces were l e s s  ef fect ive  than those with long horizontal  surfaces 
because the  e f fec t ive  length of t h e  underpass was thereby reduced, par- 
t i c u l a r l y  f o r  the shallow depth flows. Doubling the length  of tine 
underpass, Figure 26, retiuced the wave heights about 50 percent. Per- 
fora t ing the  roof of the underpass increased the tecdency t o  surge i n  
t h e  Pa rsha l l  flume. 

The bes t  device tes ted  was a short-tube type underpass 
i n s t a l l ed  i n  the rectangular sec t ion  upstream from the Pa r sha l l  flume. 
Experiments on the necessary length of underpass shared t h a t  longer 
s t ruc tu res  performed b e t t e r  than shor t  ones a s  shown by the  da ta  i n  
Figure 27. Experiments with t h i s  type of underpass indicated t h a t  it 
would be possible,  by lowering the  roof, t o  make the suppressor effec- 
t ive  f o r  flows a s  low a s  100 second-feet. To accomplish t h i s ,  it was 
necessary t o  place the roof 01' the  underpass su f f i c i en t l y  l o w  t o  be i n  



height  above the  f l o o r  ad jus t ab le .  The l a t t e r  was not  p r a c t i c a l  from 
a cos t  s tandpoint ,  t h e r e f o r e ,  t h e  former was recommended. 

Recomrtiended Wave Suppressor 
7 

The r o a f  of t he  underpass was placed 4 f e e t  8 inches above 
t h e  f l o o r  which is about 2/3 of  t h e  normal f low depth f o r  625 second- 
f e e t  i n s t ead  of 4/5 previous ly  t e s t e d .  Test  showed t h a t  t h e  lower roof  '1 

was s l i g h t l y  more e f f e c t i v e  f o r  t h e  high flows, Figure 27, and i n  
add i t i on  made t h e  underpass e f f e c t i v e  f o r  flows a s  low as 103 second- 
f e e t .  The low roof  produced more turbulence a t  t h e  underpass e x i t  t h a n  
vas d e s i r a b l e ,  however. The turbulence  was caused by t h e  high v e l o c i t y  
flow from the  underpass expanding r a p i d l y  a s  it en te red  t h e  deeper 
water downstream. To smooth out  t h e  flow near  t h e  underpass e x i t ,  an 
expanding o r  d r a f t  tube type  of  e x i t  was used a s  shown i n  t h e  
recomrcended design in  Figure 28. A comparison of t h e  p e r f o n o n c e  o f  t h e  
d r a f t  tube  type exi t  and t h e  square e x i t  i s  shown i n  F igure  29. Flow 
leaving  t h e  expanding e x i t  had l e s s  v i s i b l e  turbulence  i n  t h e  flow and 
f l u c t u a t i o n s  a t  t h e  s t a f f  gage appeared l e s s  f r equen t ly .  

Lowering t h e  roof  o f  t h e  underpass t o  suppress  t h e  waves f o r  
;30 second-feet, increased  t h e  depth of flow xpstream from t h e  suppressor  
a s  shown i n  Figure 30. S ince  t h e  b a f f l e  p i e r s  i n  t h e  b a s i n  a l s o  increased 
the  depth o f  flow, it was necessary t o  increase  t h e  he ight  of  t h e  
s t i l l i n g  basin walls 3 f e e t  and add a 1-foot inward p roJec t ion  at; the 
t o p  of  t h e  walls as shown i n  F igure  22. A s h o r t  cover extending up- 
stream froin the underpass en t rance  was a l so  r equ i r ed ,  F igure  22, t o  
conta in  t h e  surges and sp l a sh  w i t h i n  the  bas in .  

The water su r f ace  e l e v a t i o n s  upstream and downstream from 
t h e  wave suppressor  were used t o  determine t h e  d ischarge  c o e f f i c i e n t  
"C" of  t h e  underpass i n  t h e  equat ion:  

Q = CA 4- 
where 

Q is  t h e  t o t a l  d i scharge  
A is t h e  area of t h e  f l o v  passage through t h e  underpass 
h is t h e  head l o s s  through the underpass 

h, is t h e  v e l o c i t y  head upstream from t h e  underpass 

The  c o e f f i c i e n t  "c" is p l o t t e d  versufi t he  v e l o c i t y  of  flow through 
t h e  underpass, F igure  30. This  curve  should be  u s e f u l  In es t imat ing  
t h e  a m u n t  of head l o s s  through f u t u r e  underpass type  wave suppressor 
designs.  



-- 
The s t ruc tu re  recommended f o r  use i n  t h e  f i e l d  consisted o f  

the  s t ruc tu re  o r i g i n a l l y  b u i l t  p lus  t h e  following additions: s i x  b a f f l e  
p i e r s  i n  the  s t i l l i n g  basin,  Figures 21 and 22, the  wave suppressor 
shown i n  Figures 22 and 28, wall height extensions a s  shown i n  Fie;ure 
22, ~ n d  a 1-foot-high s i l l  a t  the  downstream end of t h e  Parsha l l  flume 
which is discussed l a t e r .  

The performance of t h e  recommended s t ruc tu re ,  including flows 
from 100 t o  625 second-feet a t  m y  opera t ing head, was considered t o  be 
sa t i s fac to ry .  Performance i s  i l l u s t r a t e d  i n  Figures 31 and 32. Some 
spray occurred a t  t h e  t o e  of t h e  model jump. If t h i s  condition i s  
objectionable i n  the  prototype, a shor t  cover over t h e  basin w i l l  
prevent f l y i n g  spray from wett ing t h e  adjacent area.  

Maximum water surface f luc tua t ions  a t  t h e  Parsha l l  flume s t a f f  
gage with the  recommended s t ruc tu re  a r e  shown i n  Table 1. The wave 
height records from which these values were taken a r e  shown i n  Figure 
33. These records show t h a t  f luc tua t ions  a t  t h e  s t a f f  gage w i l l  be less 
fo r  t h e  higher flows than f o r  200 second-feet. An i n t e r e s t i n g  conpari- 
son of Figure 33 with Figures 23 and 24 shows t h a t  waves upstrearn fmm 
the wave suppressor a re  i n c r c ~ s e d  due t o  re f l ec t ions  from the  suppressor 
entrance while weves downstream from t h e  suppressor were reduced by i ts  
use. 

The maximum values i n  Table i are  determined from maximum 
c r e s t  and minimum trough readings which a re  not consecutive, Figure 33. 
The ord inar i ly  obserbed f luc tua t ion  from the  mean water surface w i l l  be 
somewhat l e s s  than t h e  maxinurn values, and it is  ant ic ipated  t h a t  s a t i s -  
fac tory  s t a f f  gage reedings in t h e  prototype may be obtained by eye or  
from recorder char ts .  

Photographs o f  the  prototype i n  operat ion and inspection of 
the  model indicated t h a t  another object ionable wave producing condit ion 
existed i n  the  s t r u c t u r e  which was wholly inde2endent of the  wave problem 
upstream from t h e  Parsha l l  flume. This condition occurred st t h e  down- 
s t reaq end of t h e  Parsha l l  measuring flume where it Joined t h e  r e c t m -  
go la r  flume. The waves were caused by t h e  converging w a l l s  a t  t h e  
do~rnstream end of t h e  flume. Concentrations of flow along the  converg- 
i n s  walls  produced standing waves in  the  flume, Figure 34A. 

In  the  prototype, waves hed a l so  been observed i n  t h e  flume 
and i n  the canal  downstretun, Figure 12. These waves were p a r t i c u l a r l y  
object.ionable f o r  flows near canal capacity s ince  they were a t  l e a s t  
por t ly  responsible f o r  t h e  overtopping o f  t h e  canal l in ing.  



The s t ruc tu re  recommended f o r  use i n  the  f i e l d  consis ted  of 
the  s t ruc tu re  o r i g i n a l l y  b u i l t  p lus  t h e  following additions: s i x  b a f f l e  
p i e r s  i n  t h e  s t i l l - i n g  basin, Figures 21 and 22, the  wsve suppressor 
shown i n  Figures 22 and 28, wall height extensions a s  shown i n  Figure 
22, and a 1-foot-high si3.1. a t  the  downstream end ~f t.he I 'arshall flume 
which i s  discussed l a t e r .  

The performance of t h e  recommended s t ruc tu re ,  including flows 
from 100 t o  625 second-feet a t  any opera t ing head, was considered t o  be 
sa t i s fac to ry .  Performance i s  i l l u s t r a t e d  i n  Figures 31 and 32. Some 
spray occurred a t  t h e  toe  of t h e  model jump. If t h i s  condition is 
object,ionable i n  t h e  prototype, a shor t  cover over t h e  basin w i l l  
prevent f ly ing  spray from wett ing t h e  adjacent area. 

Maximum water surface f luc tua t ions  a t  t h e  Parsha l l  flume s t a f f  
gage with the  recommended s t ruc tu re  are  shown i n  Table 1. The wave 
height records from which these  values were taken a r e  shown i n  Figure 
33. These records show t h a t  f luc tua t ions  a t  t h e  s t a f f  gage w i l l  be l e s s  
f o r  t h e  higher flows than f o r  200 second-feet. An i n t e r e s t i n g  compari- 
son of Figure 33 with Figures 23 and 24 shows t h a t  waves upstream fmm 
the  wave suppressor a re  increased due t o  re f l ec t ions  from the  suppressor 
entrance while weves downstream from t h e  suppressor were reduced by i t s  
use. 

The maximum values i n  Table 1 are  determined from maxjmum 
c r e s t  and minimum trough readings which are not consecutive, Figure 33. 
The o rd ina r i ly  observed f luc tua t ion  from t h e  n~ean water surface w i l l  be 
somewhat l e s s  than t h e  maxirnurn values, and it i s  ant ic ipated  t h a t  satis- 
fac tory  s t a f f  gage readings i n  t h e  prototype may be obtained by eye o r  
from recorder char ts .  

Photographs of t h e  prototype i n  operat ion and inspection of  
the  model indicated t h a t  another objectionable wave producing condit ion 
exis ted  in  the  s t r u c t u r e  which was wholly independent of t h e  wave problem 
upstream from t h e  Parsha l l  flume. This condition occurred at t h e  down- 
s t r eaq  end of  t h e  Parsha l l  measuring flwne where it joined t h e  r e c t a -  
g u l ~ r  flume. The waves were caused by t h e  converging w a l l s  at t h e  
downstream end of t h e  flume. Concentrations of flow along the converg- 
ing wal ls  produced standing waves i n  the  flwne, Figure 3 4 ~ .  

I n  t h e  prototype,  waves had a l so  been observed ; n  t h e  flume 
and in  the canal downstrean, Figure 12. These waves were p a r t i c u l a r l y  
o b j e ~ t ~ i o n a b l e  f o r  flows near canal capacity since they were at l e a s t  
pa r t ly  responsible f o r  the  overtopping of t h e  canal l in ing.  



included a cur ta in  wall ,  a short-tube underpass, b a f f l e  pj.ers, s ide  wal l  
projec t ions ,  and others.  The simplest device, however, was a s i l l  hav- 
ing  a 1- by 1-foot cross sec t ion and extending fram one wall  t o  t h e  
o the r  a t  t h e  entrance t o  the  rectangular  flume. The improved. perfor-  
mance i s  shown in Figure 34. Addition of t h e  s i l l  d id  not submerge t h e  
Parsha l l  flume . 

A motion p ic tu re  was prepared showing t h e  e s s e r t i a l  port ions 
of t h e  model study t o  develop the  recornmende3 s t ruc tu re .  The motion 
p ic tu re  i s  i n  color ,  approximately 600 f e e t  long, and bears the  same 
t i t l e  a s  t h i s  repor t .  It i s  hoped t h a t  motion p i c t u r e s  of the  com- 
ple ted  prototype s t ruc tu re  i n  operat ion caa he added t o  t h i s  f i lm f o r  
comparison of model and prototype perforrna:ice. 



WAVE HEIGHTS IN FEET--PROWlYPE 
PIaximunr Head . . 625 . 550 . . 200 . 100 

Discharge : up- :  awn- : Up- : D m - :  Up- : D a r n - r  Up- : Dawn-: Up- : D m -  

Original structure : - : - : 4,7+ : 3.2 : 3.2 : 2.7 : 1.8 : 1.6 : 3 -: 1.3 
With six baffle . . : . : . . . . : : 

piers : 2.7 : 1.2 : 2.8 : 1.7 : 2.7 : 2.5 : 2.7 : 2.3 : 1.1 : 1.1 
With baffle pier anii: : . : : : a : D 

. 
wave suppressor : 3.b : 0.3 : 4.2 : 0.3 r 4.5 : 0.4 t 3.6 : 0,4 : 1.7 : 0.3 

Wpstream station i s  Just dsvsstream from the stilling basin. Damatream station 
is  at staff gage in Parsha l l  flume. See Figures 23, 24, and 33. 

+Recorder needle reached lhlt of travel. 











FIGURE 5 
REPORT HYD. 394 

SECTION A - A  

SECTION D - D f; -C Inlet structure 
St0 Z r O O  

I 
13' 3' - -- 

EXPANSION JOINT DETAIL KEY DETAIL 
trier I N  CLOD# O N L ~ )  

NOTES 
All concrete WIII be deslgned for 3,000 lb per sq in compressiue 

strength ot 28 doys 
Churn fer 011 exposed corliers jaunless otherwise noted 

CARTER LAKE RESLRVO(R 

DAM Na I 

SECTlON B - 8 SECTION C-C S E C ~ I O N  F - F SECTION G - G  

INLET STRUCTURE STILLING BASIN 









F i g u r e  9 
Report Hyd 394 

Tunnel,  s t i l l ing  basin,  and Parsha l l  flume 

Gate Section and Tunnel 

CAH'TEH LAKE OUTLET WORKS A N D  ST. VRAIN CANAL 
MODEL VIEWS 

1:16 SCALE MODEL 





Looking downstream outlet stilling basin and 
Parshall flume 

Hydraulic jump has swept out 

CARTER LAKE OUTL 
0RZ!71NA L STRUCTURE - 

1: 16 

Looking through Parshall flume 

of the basin end through the P a r s b U  flume 

ET WORKS AND ST.VRAIN CANAL 
625 SECOND-FEET - NLAXIltaUM HEAD 

1 SCALE MQDEL 



Looking upstream into the basin. Hydraulic jump is 
near the sweep out condition. 

Looking downstream from Parshall 4urne. Stand - 
ing waves are developed hers. 





Water surface is rough in the st i l l -  
ing basin 

Lwking upstream into basin 

CARTER LAKE OUTLET WORKS AND S T . V U X N  CANAL 
ORIGLNAL STRUCTURE - 230 SECOND-FEET - HEAD 45 FEET 

PROTOTYPE VIE NS 

Waves travel through the Parshall flume 



Water surface is rough in the stilling 
basin 

CARTER 
ORIGINAL 

The waves from the basin travel through the parshall flume 

. LAW OUTLET WORKS AM4 ST-VRAIN CANAL 
STRUCTURE - 230 SECOND-FEET A T  HIGH =AD 

1:16 SCALE MODEL 



A.  Vertical nose piers 2.5 feet high 
and one foot wide set on tunnel 
floor 



Figure 17 
Rcport IIyd 304 

A .  Portal Piers are 2 . 5  feet high and 16 inches 
wide 

B. Two sets of tunnel piers as  shown in Figure 16 plus three 
portal piers shown above. 625 second -feet discharging at 
maximum head. 

CARTER LAKE OUTLET WORKS AND ST.VRAIN CANAL 
BAFFLE PIERS IN TUNNEL ANE AT PORTAL 

1:16 SCALE MODEL 



,-Begin stilling basin 
/ St0. 9 + 88.56 

- -- I 

4' -- 
-- 

:+.: :. a: 

. < :.*:....9::-.=:+ > k?. :. :7-+, ::.+ *. 

Discharge - 6 2 5  second f e e t .  
A v e r a g e  velocity a t  p o r t a l  57 f t .per  sec. 

S E C T I O N  O N  O F  B A S I N  

N o t e :  Circled numbers indicate p iezome t e r  locations.  
P r e s s u ~ e s  above and below atmospheric a r e  p lo t ted  above  

end below the t r a j e c t o r y  of the basin f l o o r  respect ive ly .  

0 I,,,,:,,,,'P 
PRESSURE S C A L E  I N  F E E T  OF W A T E R  

C A R T E R  LAKE OUTLET WORKS AND ST. V R A I N  ClllMAL 

PRESSURE ON CENTER LINE OF STILLING BASIN TRP1,JECfORY 
1:16 S C A L E  M O D E L  



Piezometers on this pier only---, 
J 

-- A 
I I 

-JA 

*-----STA. 9 t 66.56 
P L A N  

,.;rBaffle piers 
/ 

u;- - - - - - - -4'- 4% - - -- - - 
I > 53;lxx S E C T I O N  A - A  

& - -  ------- ---------  
.----Piezcri;lsters I 

P l E R  PRESSURES * 
(FT. OF WPTER, PROTOTYPE) 

D ISCHARGE C F I  625 625 

Alternate outline , I  VELOSITY  A T  
o f  pier foce--*'' PORTAL ( FT. /SEC. 5 3 6 0  - 

PIEZOMETER I - 2 . 3 3  4.3.0 
Piezometer 3------" PIEZOMETER 2 -6.67 -4.67 

Piezometer 2 ------- -- I I 

PIEZOMETER 3 +22.33 + 2 5 . 0  

, -~~ezometer I PIEZOYETER 4 ~ N D  5 + o.6'hLft 
1 
\ 
\ 

PIEZOMETER 6 APD 7 +0.6** '. * . I  

* Minus signs indicate preisure 
belov. atmospheric. 

* ~ i f f e r e n t i a l  pressure todeterm~ne 
overturning effect.  

P l E R  D E T A I L  

CARTER LAKE OUTLET WORKS A N 0  ST. VRAlN CANAL 

R E C O M M E N D E D  B A F F L E  P I E R S  I N  S T I L L I N G  B A S I N  



B. Six recommended baffle piers in the siiiJ&g basin 

A .  Performance of baffle piers is demon - 
strated by one pier with no tailwater cover 

C. Water surface in Parshall flume when using six WI 

recommended baffle piers ' P I I F ;  H E  
CARTER LAKE OUTLET WORKS AND ST-VRAIN CANAL 

RECOMMENDED BAFFLE PIERS IN STILLING BASIN - 625 SECOND-FEET 
MAXMUM HEAD 

1:16 SCALE MODEL 











Curtain wall  - effective for short  choppy Rigid raft - reduces  waves ,  ineffective on 
waves  and a limited range of f lows s u r g e s  

Underpass in transition sect ion.  Not as 
shoots  under the structure effective as underpass located downstream. 

CARTER LA#E OUTLET WORMS AND ST.VRAIN CANAL 
TYPICAL WAVE SUPPRESSORS TESTED Sheet 1 of 2 

!:I6 SCALE MODEL 



Underpass in rectangular section with 30° 
sloping entrance and a 45' exit 

Underpess with 45' sloping entrance and 
30° exit 

Underpass twice as  long a s  the flow depth, 
submerged one-fifth of the depth. Fairly 
effective. 

Underpess four times as long as flow 
depth, submerged one-fifth of the depth. Zrz] 

Very effective. f 5' 
23 

CARTER LAKE OUTLET WORKS AND ST.VRAIN CANAL 
TYPICAL WAVE SUPPRESSORS TESTED . Sheet 2 of 2 

1:16 SCALE MODEL 





-- --- 

DETP,I L A DETAIL 8 

SCALE OF FCEI 

P L P . N  

S E C T I O N  A-A 
S E C T I O N  C-C on alternate sides of 5 in non-shrink mwtor; 

8" info floor. Provide 1%" min. cover at bottom 

D E T A i L  D 

-MAT-5 
Concrete. ..-. ... . . - -.-- ...-. --- - - - -  - - - - - - - - 25 Cu V& 
Relnfor-cernenr steel.. . - .----- - - - -  .-_ - _ -  - 2,700 L b  

. ;:,%' .. . 

* - .. I -  - - 7 . . . . - - . -;- 

SECTION 8-B S E C T  I O N  0- D 



Report Hyd 394 

Abrupt right angle exit 

Recommended draft -tube type exit 

CARTER LA- OUTLET WORKS AlVD S T . V U l N  CANAL 
COMPARISON OF TYPES OF OUTLET FOR RECOMMENDED WAVE 

SUPPRESSOR 
1:16 SCALE MODEL 



Upsfreom Oownstroom 
page well----- 3.5 pope well--' - 

I 
_9 ---.- 

3 0 

S?off pope 

1.1s 1 >.QZ j O.iU 10.31 1.22 5.50 J 

4.00 1 0 . ~ ~  10 .53  11.17 6.88 NOTE: A g a  4.67 l16.25*0671 7E.9 S q  f t .  

-- 'Z 6 7  10.34 1 0.92 I 1 . 1  I a.00 

i -' "V," IS the average velocity a f  flow a t  the  upstream gaqe. 

I 

I a 
m D TI 
0 - 
a o 
4 c 

C A R T E R  L A K E  O U T L E T  W O R K S  &ND ST. V R A l N  C A N A L  a 
D I S C H A R G E  C H A R A C  T E R l S T l C S  O F  THE UNDERPASS =rn 

P 
I:le S C A L E  l O D E L  

501 go" 



econd 



400 second-feet 625 second-feet 

CARTER L4KE OUTLET WORKS AND ST.VRAIN CANAL 
PERFORMANCE OF RECOMMENDED STRUCTURE - Sheet 2 of 2 

1:16 SCALE MODEL 



CARTER LAKE D A M  N0. I  * OUTLET W O R K S  WAVE H E I G H T  R E C O R D S *  R E C O M M E N D E D  STRUCTURE ( M O D E L  SCALE 1~16) 
Interlor - RecIanuIlon - Dcnvey. Colo. 

I 




